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PHONETIC MANIFESTATIONS OF /Aɪ/ RAISING 
NICK WOOLUMS 
1.0 Introduction 
 
 The phenomenon of Canadian Raising was first documented in 1942 by Martin Joos.  
Since then, it has been seen to be a part of other dialects, such as that of US Great Lakes cities.  
There are different factors involved in this phonological process in different dialects.  According 
to the Language Samples Project, raising occurs before voiceless consonants.  ("Canadian 
English")  This rule can be formally stated as such: 
 
 /ɑɪ/ → [ʌɪ] / ___ [+ cons, - voice] 
 
Because the vowel [ɑ] has the features [+low, +back], while the vowel [ʌ] has the features 
[+mid, +central], this rule not only includes raising, but fronting as well, in a certain sense.  This 
is not to say that the diphthong as a whole is fronted or raised – in both cases, the tongue still 
occupies the same final position, namely /ɪ/.  It is only the onset of the vowel whose tongue 
position is altered, as it is both fronted and raised.   However, several other factors can affect this 
process.  According to Hall (2005) the segment preceding the diphthong can affect its expression 
in the speech of Ontarians.  She points to the example of words beginning with /dai/, /dʒai/, and 
/sai/ - which for the subjects of her study, residents of Meadford, Ontario, were all pronounced 
with a high vowel.   Isardi (2006) notes that stress patterns may play a role in some cases – for 
example, in the difference between Eiffel [ʌɪfəl] and eyeful [ɑɪfʌl], where the latter has residual 
secondary stress on the ultimate syllable.  Few suggestions have been made that any of these 
extra factors play a role in the speech of central Minnesotan speakers. 
 
1.1 Diphthongs 
  
While the word diphthong indicates two sounds, and diphthongs are phonetically represented 
using the symbols for two monophthongs, a diphthong is better thought of as a single, gliding 
sound.  It is an independent unit whose quality changes during its production, in contrast to the 
relative constancy of the quality of a monophthong.  In fact, Ladefoged (2001) points out that 
diphthongs do not necessarily always contain sounds similar to those represented by the 
individual monophthong symbols comprising those diphthongs.  And Jacewicz, Fujumura and 
Fox, for example, (2003) as well as Cho (2008) have suggested that rate and directionality of F2 
change may distinguish diphthongs more consistently than identifying target tongue positions in 
the mouth.  However, this study will separate them in terms of an onset, during which the 
formants are relatively steady, and a fork (or “offglide”) during which gliding occurs and 
formant values begin to diverge.  
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1.2 Diphthong Identification 
 
Vowels can be identified by their formant structures.  This is because modifying the 
position of the tongue changes the size and shape of parts of the oral cavity, which acts as a 
resonator during sound production.  The lowest formant, F1, is the frequency created by 
resonance in the laryngeal cavity.  This cavity is affected by tongue height – when the tongue is 
raised, its volume increases, and so this frequency decreases – this means that tongue height and 
F1 value are inversely related.  F2 is determined by the oral cavity.  When the tongue is fronted, 
this space is diminished, and so F2 increases – this means that tongue frontness and F2 are 
directly related.  These measurable physical properties can be used to distinguish tongue 
position, which determines the quality of the vowel being produced.  Because the rule for 
Canadian raising involves both fronting and raising, we should expect to see not only a decrease 
in F1 but also an increase in F2 when the tongue occupies the initial position of the diphthong.  In 
analyzing the values, the difference in F1 required in order to qualify as significant is taken to be 
100Hz, while this standard for F2 was taken to be 200 Hz.  This is based on Yavas’ table of 
average formant frequency values for men, women and children. (2011) 
2.0 Method 
In order to examine the environments in which Canadian raising occurs, 4 speakers were 
recorded.  Cara, the first speaker, was age 26, and grew up in Foley, MN.  She later moved to the 
southeast part of Sartell, MN after graduating high school.  The second speaker, Gabriella, was 
also age 26, and grew up in Sauk Rapids, MN.  She now lives in Waite Park, MN, and is 
pursuing an undergraduate degree.  The third speaker, Robert, was age 71.  He grew up in Little 
Falls, MN, and later moved to St. Cloud, MN.  He has worked since graduating high school, and 
retired several years ago.  The fourth speaker, Denise, was age 51.  She grew up in Sartell, and 
after high school acquired an undergraduate degree.  She now lives and works in St. Cloud, MN. 
2.1 Elicitation and Analysis 
Each speaker was given a list of words containing the phoneme /ɑɪ/ to produce.  This list 
included the words <hide, height, hibernation, hyper, lies, lice, lied, light>.  The first two words 
are classic cases of Canadian raising, having a CVC structure and beginning with [h] which was 
chosen in order to have a minimal effect on the realization of the diphthong.  The other words 
were chosen to observe the effect of other factors on diphthong expression: <hibernation> and 
<hyper> contain different syllable structures and stress patterns, <lies> and <lice> have fricative 
consonants in the final position, and each of the last four contains a liquid consonant in the initial 
position.  Samples were collected using an Olympus WS-710M digital recording device, and 
were analyzed in Praat, a voice analysis program.  Several different factors were measured: F1, 
F2, and duration of the entire vowel, as well as those of the onset and fork.  Each word was 
spoken three times by each speaker, and averages were taken for each value for each speaker.  
Averages for each value were then calculated for the entire group.  Formant frequency values for 
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the onset and fork were compared between different words in order determine the relative tongue 
positions for each in an effort to detect whether raising and/or fronting were occurring. 
3.0 Results 
 
The formant frequency values for the onset of each word are of greatest significance in detecting 
the presence of Canadian raising, as it is the initial tongue position that differs between raised 
and unraised diphthongs of this sort. Figure 3.1 shows all words in the list, arranged from lowest 
to higest onset F1 value, and also contains the corresponding F2 values. 
   
 
         Figure 3.1 
There are clear distinctions between several of the words based on the F1 values of each 
vowel’s onset.  These values for <lice> and <light> clearly are significantly lower than those for 
<lies> and <lied> - having a difference of about 100 Hz.  This pattern is apparent for each 
speaker included.  F2 frequencies within this set of liquid-initial words are less variable – in 
words with lower F1 values, there is a visible (but not significant) increase in F2.  The distinction 
is not so clear with the [h]-initial words, whose F1 values do not stand in the same relationship 
between diphthongs preceding voiced vs. voiceless consonants.  The F2 distribution within this 
set is also unexpected following the basic rule for Canadian raising mentioned earlier – there 
seems to be very slight (but still insignificant) fronting before voiceless consonants as expected, 
but there seems to be a disparity between the monosyllabic and polysyllabic words. 
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 Another interesting feature of the data is duration.  The duration of the vowel onset and 
fork were taken for each word.  The following graph demonstrates how much each segment 
contributed to the overall duration: 
 
   
          Figure 3.2 
 Figure 3.2 demonstrates that there are several different factors influencing both duration 
as well as the duration of each segment.  The initial consonant appears to play a role in the total 
duration, as the [h]-initial words tend to be lower.  In fact, if not for the exception of <hide>, the 
list can almost be cleanly classified according to the initial consonant.  At the same time, it is 
hard to make a clear distinction between groups, since differences in duration are gradient rather 
than binary. 
 
 There is a more striking difference between the onset duration values of the diphthongs.  
These do seem to fall into two groups, clearly separated on the chart between <lice> and 
<hide>.  The first five words have an average of 32 ms, while the last three have an average of 
144 ms.  Grouping the words in this way demonstrates the correlation between raising and 
shortened duration, as only one word in the short group is followed by a voiced consonant, while 
the rest are voiceless. 
 
4.0 Discussion 
 
 These results seem to indicate that in addition to the more widespread factor of final 
consonant voicing, both the consonant preceding the diphthong as well as the syllable structure 
of the word itself have an effect on the realization of this diphthong for central Minnesotan 
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speakers.  The onset F1 values seem to generally have been impacted by the manner of 
production of the initial consonant.  The liquid-initial words have on average a lower F1 and F2, 
which points to its having a very slight raising effect and a more pronounced backing effect.   
 
 
Figure 5.1 
 Figure 5.1, a spectrogram produced by Denise, demonstrates the difference based on 
initial tongue values.  The fork of each is outlined in red, and prior to that is the onset, which 
begins in <height> with the dark bands, and begins in <light> when the F1 and F2 stablize 
before diverging (this is the point where /l/ fades into the vowel).  The line indicating the 
position for 1024 Hz, which is roughly the initial position for <light>, can be seen and indicates 
that the vowel in <height> is slightly higher – roughly 200 Hz.  This demonstrates the 
characteristic difference between /l/-initial words and /h/-initial words, that is, the comparative 
raising of the vowel following the former. 
 
This perspective provides some context for understanding the distribution of formant 
frequency values among the [h]-initial words.  While the difference in F1 and F2  between 
<hide> and <height> is unexpectedly small, it still seems to indicate raising and fronting before 
voiceless consonants.  What is more interesting is the difference between the set of monosyllabic 
and polysyllabic words.  The fact that the onset F1 values for <hibernation> (912.3) and <hyper> 
(890.5)  are not only lower than for <hide> (1017.0) but also for <height> (952.9), while their F2 
values are also higher seems to indicate that some aspect of syllable structure or stress patterning 
contributes to both raising and fronting of the diphthong. 
 
 Of particular significance is <hibernation>, simply because this factor seems to have 
overridden the basic rule for Canadian raising.  There is a syllable boundary after [hʌɪ], and so 
without preceding any consonant, it is not subject to this basic rule – yet the data indicate that 
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this diphthong is further raised and fronted than <height>, which again is a basic example of 
Canadian raising.  This is demonstrated in figure 5.2, the following spectrogram from Gabriella: 
 
 
Figure 5.2 
 The bar at 842.4 Hz indicates the initial position for the vowel in <hibernation>.  The 
initial position value for the vowel in <height> is above this, at 985.1 Hz, a difference of about 
140 Hz.  This difference clearly meets the standard for being significant for F1 values, and 
demonstrates that the initial tongue position is raised higher in <hibernation> than in <height>. 
 
Unfortunately, while it is clear that this vowel has been raised, further research would be 
required before the precise feature or features contributing to this anomaly could be determined, 
as this study did not incorporate the range of syllable structures in order to do so. 
 
5.0 Limitations and Recommendations 
  
Because of constraints on time and human resources, a small sample size was chosen.  
The results of this study do not, therefore, conclusively support any generalizations about central 
Minnesotan speakers as a whole – this would require a considerably larger sample size – but do 
provide us with data which might lead to further investigation.  A relatively small set of words 
also limited this study, as it produced inconclusive (yet still interesting) results. 
 
 Further constraints on this study involve minor imperfections in the settings in which 
these samples were recorded – these settings contained minimal background noise.    Also, 
several instances of words produced had to be discarded due to interferences with quality.  
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Lastly, analysis of formant frequency and duration values were subject to minor inaccuracy 
because of the reliance on subjective judgments regarding the points of initiation and termination 
of each vowel, and more specifically of the onset and fork of each vowel.  Further study on the 
nature of the process of Canadian raising in central Minnesota would benefit from a larger group 
of subjects, as well as a larger set of words.  In particular, it would be useful to use a larger 
variety of polysyllabic words with distinct stress patterns in order to determine which of these 
factors plays a role in raising and fronting, and precisely what that role is. 
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Appendix A – Averages 
 F1 
(Hz) 
F2 
(Hz) 
Onset 
(ms) 
Onset 
F1 (Hz) 
Onset 
F2 (Hz) 
Fork 
(ms) 
Fork 
F1 
(Hz) 
Fork F2 
(Hz) 
Total 
Duration 
hide 801.1 1979.1 123 1017.0 1667.8 227 654.3 2175.0 350 
height 650.2 2162.1 35 952.9 1748.9 154 565.6 2219.3 188 
hibernation 738.5 1913.1 31 912.3 1802.9 100 705.7 1967.8 131 
hyper 668.9 2123.6 32 890.5 1891.2 118 612.3 2225.4 149 
lies 732.4 1907.9 156 916.7 1511.1 270 598.2 2072.5 426 
lice 611.1 2031.5 35 807.3 1495.1 213 547.9 2211.7 248 
lied 770.0 1890.5 154 915.6 1585.7 205 663.8 2115.5 352 
light 637.9 1997.6 27 834.7 1479.3 164 587.5 2176.5 191 
 
Appendix B – Individual Data 
Cara, 26 
 F1 
(Hz) 
F2 
(Hz) 
Onset 
(ms) 
Onset 
F1 (Hz) 
Onset 
F2 (Hz) 
Fork 
(ms) 
Fork 
F1 
(Hz) 
Fork F2 
(Hz) 
Total 
Duration 
hide 815.2 2024.7 61 1043.1 1696.8 249 722.2 2142.2 310 
height 721.4 2371.6 33 1008.3 1693.6 118 584.7 2337.1 151 
hibernation 743.5 2014.1 30 967.3 1894.8 104 643.4 2061.9 134 
hyper 776.5 2152.9 37 1009.3 2137.8 90 680.7 2213.9 127 
lies 736.2 2175.3 187 914.5 1784.1 295 611.5 2185.3 482 
lice 763.0 2006.2 29 866.7 1725.8 254 653.4 2333.6 283 
lied 781.9 2027.8 175 976.4 1747.3 257 673.5 2183.6 432 
light 771.3 2023.8 22 888.3 1610.7 137 711.5 2314.0 159 
 
Gabriella, 26  
 F1 
(Hz) 
F2 
(Hz) 
Onset 
(ms) 
Onset 
F1 (Hz) 
Onset 
F2 (Hz) 
Fork 
(ms) 
Fork 
F1 
(Hz) 
Fork F2 
(Hz) 
Total 
Duration 
hide 804.2 1918.7 137 1002.6 1601.2 206 623.3 2127.2 343 
height 639.1 1966.0 34 900.6 1673.2 152 550.6 2078.4 186 
hibernation 731.7 1809.1 24 820.9 1778.2 73 708.6 1843.9 97 
hyper 679.3 2080.2 36 790.6 1774.8 87 590.4 2278.0 123 
lies 714.5 1710.6 149 875.9 1322.0 302 661.4 1884.1 451 
lice 576.3 1985.9 32 793.8 1368.7 207 516.2 2065.4 239 
lied 787.4 1744.6 147 934.7 1428.3 205 677.5 1970.8 352 
light 643.7 1871.0 21 848.8 1341.7 157 591.0 2011.4 178 
 
 
8
Linguistic Portfolios, Vol. 1 [2012], Art. 19
https://repository.stcloudstate.edu/stcloud_ling/vol1/iss1/19
Linguistic Portfolios | 9 
 
 
Robert, 71 
 F1 
(Hz) 
F2 
(Hz) 
Onset 
(ms) 
Onset 
F1 
(Hz) 
Onset 
F2 (Hz) 
Fork 
(ms) 
Fork 
F1 
(Hz) 
Fork F2 
(Hz) 
Total 
Duration 
hide 678.1 2149.8 140 848.9 1910.0 218 566.7 2302.4 358 
height 598.9 2210.7 42 793.7 1959.5 142 546.6 2313.1 184 
hibernation 661.8 1920.9 37 766.5 1703.8 145 644.1 2013.1 182 
hyper 568.6 2101.4 28 708.9 1862.6 158 568.3 2185.6 186 
lies 651.2 1928.5 99 822.9 1512.8 236 566.3 2101.4 335 
lice 525.3 2051.7 45 663.6 1545.3 189 496.8 2183.5 234 
lied 644.2 1964.8 112 733.5 1721.6 161 579.9 2150.1 273 
light 519.5 1959.5 24 694.8 1562.7 168 503.8 2086.0 192 
 
Denise, 51 
 F1 
(Hz) 
F2 
(Hz) 
Onset 
(ms) 
Onset 
F1 
(Hz) 
Onset 
F2 
(Hz) 
Fork 
(ms) 
Fork 
F1 
(Hz) 
Fork F2 
(Hz) 
Total 
Duration 
hide 906.9 1823.0 154 1173.4 1463.3 235 705.1 2128.1 389 
height 641.4 2100.0 30 1108.9 1669.3 202 580.6 2148.4 232 
hibernation 816.8 1908.2 31 1094.5 1834.8 78 826.7 1952.1 109 
hyper 651.1 2159.9 26 1053.0 1789.7 135 609.9 2223.9 161 
lies 827.5 1817.0 190 1053.3 1425.4 247 553.4 2119.2 437 
lice 579.9 2082.3 35 904.9 1340.6 201 525.3 2264.4 236 
lied 866.5 1824.7 154 1017.6 1445.6 195 724.2 2157.4 349 
light 615.2 2135.9 39 907.0 1401.9 195 543.5 2294.6 234 
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